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ABSTRACT: A pair of tuned lines are coupled to & carrier
signal source and a load through a quarter-wave coupler. The
electrical length of the lines are electrically altered to phase
modulate the carrier supplied by the source through the cou-
pler to the load. Varactor diodes and a variable inductance in
each of the lines vary the line electrical lengths such that there
is a linear modulation of the carrier. The arrangement is such

{54} PHASE MODULATOR
4 Claims, 1 Drawing Fig.
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332/30 posing at the source such that there is no power supplied at the
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1
PHASE MODULATOR

BACKGROUND OF THE INVENTION

This invention relates to a phase modulator and particularly
to a phase modulator utilizing tuned variable length electrical
lines.

Phase modulators are used in many FM transmitters and
receivers. Generally, the higher the frequency at which such a
modulator can operate, the smaller the size of components are
utilized. Such compactness is highly desired in electronic ap-
paratus. The phase modulator should have a large linear phase
shift, such as up to about a radian peak modulation. At lower
freguencies, of course, the modulation index can be smaller.
Therefore, at the higher frequencies of phase modulation, Q is
a problem in that all of the components must be carefully
selected and carefully assembled to ensure that Q is main-
tained for effecting linear phase modulation. Insertion losses
must be kept to a minimum in all instances.

SUMMARY OF THE INVENTION

It is an object of this invention to provide a low loss phase
modulator of improved design.

A feature of the invention is the connection of two electrical
lines having an inductive element and a varactor diode which
linearize phase modulation through use of reflected energy to
a quarter-wave coupler.

A quarter-wavelength four port coupler connects an RF
source to a load respectively through input and output ports.
The two other ports of the coupler are referred to as quadra-
ture ports, meaning that the signals thereat received from the
input port have a 90° phase relationship. A pair of tuned lines
are respectively connected to the quadrature ports. A source
of modulation signals electrically varies the electrical length of
the lines such that the energy reflected from the lines into the
quadrature ports for transmission to the load varies in phase in
accordance with the electrical line length variation. The elec-
trical line reactance is formed by capacitors and inductors. In
one embodiment, the capacitors consist of varactor diodes
which are reverse biased and have their reverse bias modu-
lated by the modulation source to thereby vary the
capacitance and hence the electrical length of the line. The in-
ductors are selected to compensate for the nonlinearities in-
troduced into the phase modulation because of the nonlinear
phase electrical line length relationship as well as the non-
linear capacitance reverse bias voltage relationship of the
varactor diodes. Inductors are preferably made variable such
that the lines can be tuned to form a linear modulator. The
varactor diodes are compected such that all diodes are in
parallel circuit relationship with respect to the modulation
source such that all capacitances of the various diodes vary
simultaneously in an identical manner. The diodes are
preferably closely matched and have a good Q.

THE DRAWING -

The attached FIGURE shows in diagrammatic form an illus-
trative embodiment of the present invention.

DETAILED DESCRIPTION OF THE ILLUSTRATIVE
EMBODIMENT

Referring to the drawing, a source 10 of radio frequency
signals supplies RF energy to load 11 through coupler 12
wherein the RF signal is modulated by modulation source 13
supplied signals. The RF signals are supplied to input port 12A
and thence are transmitted to a set of lines 14 and 15 wherein
the electrical line length is varied as will be explained.
Reflected energy is supplied through ports 12C and 12D
which then is coupled to output port 12B to supply load 11 a
phase-modulated signal. The arrangement is such that the
reflected energy supplied through ports 12C and 12D are in
phase at output port 12B and out-of-phase at input port 12A.
in accordance therewith, the signals are cancelled at input
port £2A, thereby supplying no reflected energy to source 10.
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2
Since the signals at port 12D are in-phase, madimum phase-
modulated RF energy is supplied to load 11. It may be noted

that the configuration is symunetrical. In accordance therewith
RF source 1¢ may be connected to either ports 12A or 12B
and load 11 connected to the other port, ie., ports 12A and
12B may be interchanged with successful operation.

Coupler 12 can be of any microstrip design wherein th
coupler is a quarter-wavelength long of the radio "’mqmmm
signal. Such couplers are well known and will not be further
described for that reason. In the illustrative embodiment it was
desired that a 3DB quarter-wavelength coupler be used
connection with the two tuned lines 14 and 15,

Lines 14 and 15 have an electrical length determined in part
by the varactors 20, 21 and inductor 24 for line 15, and varac-
tors 22 and 23 and inductor 25 for line 14, The electrical
length of lines 14 and 15 is also affected by the physical length
of the structure (not shown) supporting the varactor and in-
ductor elements as is well-known in the art. The RF energy
reflected to ports 12C and 12D has a phase determir
electrical length of lines 14 and 18. By modu
capacitance of the varactors in these lines the electri 2
of the lines are modulated, therefore, the phase of the &E"
signal is phase-modulated. -

The variation of electrical line length is by modulation
signals on line 26 supplied from source 13 through DC isolat-
ing capacitor 27. The four varactor diodes 20, 21, 22 and 23
are in parallel circuit relationship between modulation source
line 26 and ground reference potential. The modul
capacitance of all the varactor diodes is the same. The varac-
tor diodes are reverse biased by B-+supply connected through
voltage dividers 28 and 29 to modulation source line 26. In ac-
cordance therewith the electrical line length of lines 14 and 18
is symmetrically altered by modulation source 13 signals,

Lines 14 and 15 present an electrical line length to ports
12C and 12D which length is modulated by the variation of
capacitance of the varactor diodes 20 and 21 by the mod
tion source signals. The electrical line length causes @
in phase of the RF signal supplied thereto as is well-k
the art. The reflected signals are phase modulated and as cou-
pled 1o input port 12A are out-of-phase when the impedances
of the lines 14 and 15 are equal. That is, the reflected energy
at port 12B is 180° out-of-phase with respect to the energy
supplied to input port 12A from port 12C. However, because
of the coupler action, the reflected energy at ports 12C and
12D are in phase at output port 12B. However, if the elect
impedances of lines 14 and 15 are somewhat unequal,
phase relationship is altered such that the phase relationship at
input port 12A is not 180°. Similarly, there is a slight out-of-
phase relationship at output port 12B. This latter described
relationship causes distortion in the phase modulator wave
and reduces the power throughout. Therefore, it is quite im-
portant that the electrical impedances of lines 14 and 15 be
made equal. Accordingly, for optimum linear operation, the
varactor diodes 20, 21, 22 and 23 should be carefully matched
as to their voltage capacitance characteristics.

It is well known that the variation of capacitance with
respect to the variation of reverse bias volt across the
varactor diode is nonlinear. Further, it is known that the phase
variation of a signal caused by a variation in electrical length
of a line is a tangential function. That is, it is quite nonline:
To linearize the phase modulation of the present modulato
inductors 24 and 28, both variable, are connected in series cir-
cuit relationship to electrical lines 14 and 15, In one con
structed embodiment operating at a 500 megahertz rad
signal frequency, inductors 24 and 25 were microstrip lines.
The length thereof was adjusted in accordance with known
microstrip techniques. At lower frequencies, the inductances
24 and 25 may be lumped components, such as a slug tunsd
inductor. It is known that the inductive impedance varies in-
versely with respect to variation of capacitive impedance. In-
ductors 24 and 25 are carefully selected such as w0 compen-
sate for the voltage versus capacitance characteristics of the
diodes in the respective lines as well as the tangential variation
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3
of phase with 'f"%pect to a variation of electrical line length. By
so carefully selecting inductors 24 and 25 and adjusting them
after assembly, a linear phase modulator is provided.

Radio frequency chokes 38 and 36 are added to RF isolate
tines 14 and 15 respectively from the bias source and the
modulation source 13. The radio frequency chokes 37 and 38
are provided to complete a DC path between the B+ supply
for reverse biasing the dicdes 20 and 22. These chokes, by
providing a DC return to ground. also prevent the DC from af-
fecting operation of ce 10 and load 11 via coupler 12.
Diodes 20 and 22. addition to providing a variable
capacitance to lines 14 and 15, serve as blocking capacitors to
isolate the DC source from dividers 28 and 29 from supplying
DC current to RF source 18 and RF load 11. Diodes 20 and 22
could be replaced by fixed DC blocking capacitors. Alterna-
tively. diodes 20 and 22 could be eliminated with fixed
blocking capacitors being connected at RF source 10 and load
11 terminals, In this {atter alternative connection, RF chokes
37 and 38 may be dispensed with. Alternatively, diodes 20 and
22 may be left in with diodes 21 and 23 being replaced by

b

ion of the coupler 12 with respect to lines 14 and
18 acts as a four port device where an incoming signal at port
12A is divided into two outputs at ports 12C and 12D which
are in phase quadrature (90° out-of-phase) d(“d sre 3DB below
the input power level for a 3DB coupler. A typical insertion
loss is about C.5 db. with the two quadfamre cutputs at 12C
and 12D being balanced within 0.5 db. Output port 12B is
connected to load 11 which has a resistive impedance which
should be equal to the hybrid characteristic impedance and
will receive no power unless lines 14 and 15 have a VEWR
other thas lation between input port 12A and output
port 1ZB of30t0 30 db. is achievable.

When lines 14 and 15 have equal impedances, the input
VEWR at port 12A remains low. If the lines 14 and 15 appear
shorte F ected at port 12 divides between
refiected power from port 12D also
roris 12A and 12A However, it can
fly, which is beyond the necessary
ention, that the reflected power com-
phase at the input port 124 but are in
ut port 12B. Instead of shorting the lines 14 and

2 terminated in the variable reactances
or diodes and the two variable in-
r is absorbed in a pure reactance
most of thu mmﬁ p@wu is reﬂeu@d to be wpphvd througl

is de > m«lﬁ‘»‘,&al”tf’ ;resmted in Euﬂt‘fe M and
15,

The reflecton coefficient in terms of terminating im-
pedance is 2 tangential function of the variation of electrical
lengih of lines 14 and 15. E‘f 8 is the reflection angle, i.e., the
phase shift, Z,, the mpddx‘iey and Z, the ter-
minating impedance and ang §is

6’:21&?“&,/2«, 0

Gne known formula for varactor diode capacitance versus

voltage characteristics is:

C:KV ” (2)
wherein v : third and one half depending upon
the manufacturing g}rm,eSa of the particular diode, ie., the
junction characteristics; C is the capacitance; K is a constant
and V is the reverse voltage.

To determine the value of the inductors 24 and 28 for
linearizing phase modulation operations, one must take the
first derivative of 8 with respect to voltage to determine the
percentage nonlinearity of any desired phase modulation
operation. Inductors can be either a series inductance or shunt
inductance for linearization. The illustrated embodiment uses
a series inductor. Tests have shown that a series inductance
works much better than a shunt inductance in linearization of
the illustrated modulator. This is desirable even though a
shorted transmission line can be used to make a good shunt in-
ductance.

Accordingly, design criteria for a series inductor only 1s
given herein. With respect to-the phase modulation index 8 in
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‘quadrature ports and said series connected ¢

4

radians as a function of a series inductance ¢ is,

. Ro
=2 tan ) —r—
@l

is:
a6 2Roy V-t

av A \; L Ro
ox) wi—{ = j - fic
exp e T

From the above equations a phase modulator
designed using known microstrip techniques.
At half-radian peak variation in phase there is
minus | percent error in the illustrated modulator. In &
cordance therewith cascading two or more of these pha
modulators can result in improved linearity at the expense
additional circuits. For example. a 0.5 radian peak variati
phase with only a 0.6 percent distortion can be obta
cascading two identical phase modulators of this inve
Another characteristic of the illustrated phase m
%:hdt there is amphtude moduiatlon pwesem on \E“e cutput §

arises if mt: diode Qs vary over me dyﬁamc 1
modulating signal. This can be a
varactors do not have a sufficiently high Q at 500 me
With the varying Q somewhat with reverse voltage, there
it is extremely important to have very high Q varactor diodes.
We claim:
i. A phase modulator, including in combin
a coupler having input, output and a pair
ports,
first and second transmission lines respact)
10 said quadrature ports, said transmi
ing an impedance means including
able reactance means of the capa
type,
modulation means cornected to said
means for electrically varying same
trical length of said lines, said lines being
disposed with respect to said modulati
the electrical length of both ines vari
the impedance means of said lines being m
respective impedances and variation ‘
pedances with respect to said signals {rom sai
1M SOULCe.
2. A phase modulator including the combination:
a quarter wave coupler having input and cutput
pair of quadrature ports for receiving reflected
be supplied to said output ports,
first and second transmission lines respectively connec
to said quadrature ports, said transmi
identically constructed and each including its ¢
inductor and capacitor element for terminating s
a modulation signal source connected to both said
completing a pair of parallel circuits bef
wmcc'ied mductor dcmer;ts and Cagw

«
£,

capacitive reactance thereof for thereby varying
fective electrical length of both said lines identical
fect phase modulation of the signals being su p hied
through said coupler.

3. The subject matter of claim 2 further includi
fourth capacitive reactance elements interposed b :
sacitor mcﬁw
and inductor elements and pcled to be reverse b
modulation signals.

The subject matter of claim 3 wherein s
reactive elements are connected in common §
tion signal points through radio frequency cho
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